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Lesson 1: Volume
In this lesson, you will:

e (Calculate volumes using both imperial and metric units

® Convert units of volume from imperial to imperial or metric to metric

® Manipulate a formula to calculate one dimension if the volume is given

Volume - Introduction

Volume and surface area are two different ways to describe 3-D objects. rj””“ﬁ
I 4o
< B
We saw in the previous booklet that Surface Area is the AREA of the OUTSIDE SURFACES [ h\ﬁ sk S r,
of a 3-dimensional object, measured in units. < ‘~E-\:}j“'“ .

Volume is all of the SPACE INSIDE a three-dimensional object, or the amount of space it occupies,

measured in units3.

of the space.

Volume of Prisms

But you can find the volume of any
regular prismpy multiplying the
area of the buase by the height.

(Remember a prism is a 3-D figure
where the shape of the base is
consistent throughout the object.
The prism has 2 bases with the
same shape. That shape is the

__name of the prism.)

~To find the volume, of a rectangular prism, you could count the number of cubes in it.

-Or if the shape is irregular and not easy to
count cubes, you could place it in water. Measure how
high the water is before the shape goes in and measure

e @gain after,
~¥

<«———The difference is the volume.

<«Cement is delivered in m*>. To know how much cement should
| be ordered to fill a space, the workers must calculate the volume

' Lesson 1: VOLUME (Prisms & Cylinders)

Volume of Prisms

A

Area of Base

.

Trapezoid Prism Triangular Prism

Volume of Prism = Area of Base x Height i
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Fill in the chart below — Volume of Prisms (see last pages for formula for area of 2-D shapes)

rism

Name of base

Formula for area of 2-D base

Volume formula

Rectangular prism

N M’ J’L’ A. /'P / A 1/)
o H ( £ J = / k [‘4[ [l L x
g - w
L
Triangular prism
A P "/\\ ’
? L \\ ( ‘ A A Q }—/ - ‘5 P
. ) N | 2’ Jl‘
height h < » ), \
Base b 9"
Trapezoidal prism
T ' gl LAt i L AT O
b L
a,b -lengths of parallel lines of
trapezoid (marked A)
h - height of trapezoid
L - length (height) of prism
Cylinder . P : ) 2 T T
YIS . -y f - ]
cA r A =0y

[ * Show all your work (equation, substitution and answer) and place a box around you*
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Examples: Volume of Prisms and Cylinders

* Show all your work (equation, substitution and answer) and place a box around you*
1. Determine the total volume (in units®) of the following prisms.
(If the answer is infinite decimal, round to 1 decimal place.) (formulas p. 4 and back of booklet)

The volume of a prism is: |V= Area of Base x Heighf|

(40m?)

a) Rectangular Prism @620 mm) b) Triangular Prism

(538.8 cm®) s e
¢) Trapezoidal Prism gszsm) 2. Determine how much cola could fit in the following container.
(Hint: find the volume of the following cylinder) 1=3
/7

\/-; ﬂ’/bL '-'—}‘)
N

/= 5;?:%9”"7 f

!

| l4cm




1. Determine the total volume the following prisms:

a)
5m
L= §W\ W= 2’\'\ H = 'Zn«
12m - L(A)L‘\
s .3 1L
N -
0)
6 mm ;\:Q’ L= q\{”\ W = li)"w’\ H- énqm
18m V= l_;,._)‘f\
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2. Determine the total volume of the following prisms (triangular):

h=_L H=_iu?_
(6x4)< 2 K37

R T
\\_

3. Determine the total volume of the following prisms (cylinders): 7m

(rovnd o | decinred )

a) I WS
V = Area of base (circle) x Height of cylinder

V= TTflh
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b) 3Q mm

4mm ) B
V= ﬂ\(‘é’)ﬂ
- 1< n- ¥
V=mx( /5 Px_ 4

C\. 28 2«7«:‘1’)\1/\ \>

me‘“

4. Determine the total volume of these trapezoidal prisms.

o=9 b=2 h=7 L=1f

b=3m

a of b se (fm ezoud) x Height of prism
Vaﬂ»

Answers: 1) 180 m®, 4752 mm®, 2) 300 cm®, 891 mm?®
3) 461.8 m%, 2827.4 mm® 4) 756 m®



Lesson 2: VOLUME (Pyramids, Cones and Spheres)

Volume of Pyramids and Cones Volume Comparison: Cone & Cylinder

3
You can put 3 cones together to form a E :

cylinder.

Similarly, you can put 3 square-based pyramids

together to form a cube.

For that reason, the formulas for volume of a cone and a pyramid

are 1/3 times the formula for cylinder and for cube.

g::jge- y = (area of base)(height)
i 3
pyramid Shape of base:
square
| 52 b2h
V= % b h or V= _3_

, Note:
eFor surface area of pyramid , we use the slant height (s) (height of the triangle).

eFor volume of a pyramid, we use the vertical height (h) of the pyramid from the base to the apex (if we were inside the
pyramid, the height is from the floor straight up to the top point)

v vertex
Cone

v = (area of b%se)(height) height slant
« height
L 1 2 _ nrih
; V= =T nreh or V= 3

Similar to the height (h) and slant height (s) of pyramid,
ethe height of the cone (h) is the vertical height from the base of the cone to the vertex (top point) of the cone. The

height is perpendicular to the radius (the height and the radius form a 90° angle).

ethe slant height (s) is the distance from the circle base to the vertex




Volume of Sphere

(In case you were wondering about the formula for the volume of a sphere...
The volume of a cone and sphere fit together make a cylinder (assuming they are made to
perfectly fit each other, so the height is twice the radius). The cone is 1/3 the volume of the
cylinder and so the sphere is 2/3 the volume of the cylinder. If you make height = 2 x radius,

you can come up with the formula for the volume of a sphere.

Volume = 2/3* volume of cylinder
=2/3* x(radius)’ * height
Therefore the formula for the =2/3* r(radius)” * (2 *radius)
4
Volume of a Sphere is: =< A (radius y

And then the volume of
a hemisphere (half a

sphere) is simply 3 times
the volume of a sphere.

What is the VOLUME of a Hemisphere?
Volume =%nr3

Volume of a hemisphere = volume of one-half a sphere

=i6) |y 2R
3

Radius (r)

Hemisphere Mathgun.com

10



Examples VOLUME - Pyramids, Cones and Spheres

* Show all your work (equation, substitution and answer) and place a box around yourlfinal answer}'

P

(
1. One of the famous pyramids built by the Egyptians is the great pyramid of Giza. Determine how

much sand was used to build the pyramid (i.e. determine the total volume of the pyramid)
Height = 146m h

Square base length = 230m b

| [Cz 30) /l%lz,il

e e e A
NE e O

/\/ =2 sy dbb. 7'

2. Determine how much ice cream could fit into this cone before you put on the top scoop(s)
(i.e. determine the total volume of the cone) {@w~A +o | Leeit.

-

oo [Ty = Tt

3. Assume this water balloon is a perfect

, sphere. Determine the volume of wate s.inside
balloon if its radius is 7cm. OVAL ’ﬂ 1 dpenst crenher ﬁ

Y= &lﬁr gl ';“
Eq«r(-ﬂj - 7 )
@ S e .

A




4. Find the volume of ice in this "snow cone” if the cone itself is also full.

. The radius is 80 mm and the height of the cone is 90 mm.

. V= bl sphoe x come

(ﬁﬁrrJ) > + fo"A
m[a rr(?ﬁﬂ L 7{,@_,,‘{@’/

lﬂz 2303 T 603 1E . £

6’—!67§ r//:,/m,\q)

5. Write out the formula for the volume of a cone and then substitute in the given values for volume and -
radius. Use algebra to solve to find the height of the cone.

f Vc%um&m%@_(cms \/ = ’ﬂ‘r ZA

L{o EJW.,(,Z,.,Z’-L—“(H)

Yyo = s9.3 3'
€1J_ _gu
(h= 8. lcmm D

6. Use a similar method as #5 to find the radius of this cylinder.

64 m

V=2190m?

1Z



1. Determine the total volume of the following pyramids:

L=

V=

AR

‘,,.ﬁ'"‘,
V=

Centre height (H) =8 m

V = 1/3 Area of base (rectangle) X Height of pyramid

we_ 6

H =

_§ ( AN

Fl.7 ' )

2. Determine the total volume of the following cones:

a) centre }}gigh‘r =35cm

V = 1/3 Area of base (circle) X Height of cone

e

|0

Dia. - 26 cm r=

3¢

=W

T (103"(3&’3

wmmmm ey
a3

3£6 L2 QM?\)




b) Height = 70 yards, radius = 50 yd|s

L2l

3. Determine the volume of the following spheres.

4 3
E %Wr r /’

a) Radius =15 dm

“\

4T (1-5)°

( Y. I«bm’w D

o

s e

b) The diameter of the ping-pong ball is 3.5 cm.




CHALLENGE!

4. Determine the volume of these composite objects:

8 m V-—» d{Lk)L + L\A)H'

3m

5m (6763)(f)+ @‘XJ X‘O
1 T :‘Z 2
L W2 Q-: ieme

c) Pyramld height at the centre = 7 ft

YE f Ll v G B
L= ?'?%/-) .L (?)Ig)[?,) ¥ (5“)(/){3}
LI £

- :emf 3 +/910

he 7
L ?,30 ft C/ ' 7 0b1. j?b

ERL N {9, b
Answers: 1) 112 m®, 817 in® 2) 3665 cm’, 183 2é0 yd®
3) 14.1 dm®, 22.4 cm® 4) 165 m’, 4398 cm’ ) 2,0 b33 &2
131.¢

T4



5. The volume of a sphere is 41 m*®. What is the diameter of the sphere?

V= 3T
2.2

q\ < ‘:.L v '( ;«;MN . cf “‘(,;‘ \

= g T
9 q-! /A bo &

be 7297
‘@{:m— g% @ A Ho.,

6. The volume of a rectangular prism is 720 mm?®. If the width is 6 mm and the heightis 10 mm, what is the

length? \{ — L‘_ w \"X‘
21 = 0oL




Volume and Capacity

We have seen that the volume measures the amount of space inside an object.

Capacity is the amount of liguid that an object can contain (the amount a
container can hold). Capacity is usually measured in millilitres (ml) or litres (I)
(Common imperial units are ounces, gallons, pints, and in cooking -cups, tbsp, tsp). The
amount of mlin a can of soda or litres of milk is the capacity of liquid in that
container — how much liquid it can hold. In everyday life we refer to capacity

s when cooking (how many cups, ounces), when buying food (how many mlis in
"~ the can), when buying gas (in litres), etc.

A cylindrical can of pop has a volume of A

375 em?, but is labeled as 375 ml because it
contains liquid.

1 ml of liquid fits exactly
in a cube 1cm x 1cm x1cm

1 cm? = 1 millilitre (1cmd)
1000 ml =1 litre.
1000 cm 3 =1 litre
1m?3 = 1 kilolitre

To find capacity,
1. Find the volume in cm®.
2. Convert your cm?® answer to ml (same numbers; different unit).

e To find how many litres equal volume in cm?,
o First convert cm?® to ml, (=) then convert ml to L (x1000).
or:
o Find the answer in m?, convert to kL (=), then convert kL to L (<-1000).

e To find out how many ml or litres in an object with dimensions in_metres,
o 1. Convert the dimensions to cm.
o 2. Follow the steps above.

Example
How much water can this fish tank hold in litres? _ Method 1 (find cm?, convert to ml, convert to L)
/’”“Ny,-\ L:(oocm W e Hosoems

lcm®*=1mL _
'A 1000 ml= 1 liwe ) Ve w \4

7 [y 3 »
hlms’:]kl, e ':;(f09\)\3“ "“D)

: 3 L ! 3
PRI TN ,_,/""/ v’ - ,8h 02 oM
T — Zlw 210 o > A
7 100 cm =} ™ V = ,{0 oo
Method 2 (convert dimensions to m, find m? convert to kL, converttoL) = 150 PO oY e
Vol oy Wz Radie P
4 N g o] o . » g -~ 5 £ ‘4 - 1
= {1 9.3 S n:. (Y= 15° b
- ’ ‘ W Y s":w § W —
\{ - ;‘:}elﬁg ;'wu-a" L= ? .

o b =
\# - PR 4 K ¥
x

\/—T (6,7' ‘{»)(}?a;s\) L
( V= ySo L 17



Try it!

("Jhd

A can of soup has a volume of 460 cms” What

the capacity of the can in ml? _Llomb
What is the capac1ty inlitres?  Qoe\hk L.

qbﬁ Cm Vbﬁme
Gbo el 210 20,4 ( |

e =

| box, in litres?

2 A plastic box measures 24 cm wide, 33 cm
long, and 12 cm high. What is the capacity of the

V= LWhH
= ay)R) (1)
= 9 SoY em?
= g%e4 ML
4Sev < jooe v 9, Y04

(V=50 T

3 What is the capacity of the reservoir, in ml?

4 What is the capacity of the cone-shaped
container, in litres?

J» ,
2

i 4
2

 >

1



1. Aaliyah has 3 aquariums with the following dimensions. She needs to buy distilled water to fill the
aquariums.

Aquarium 1 Aquarium 2 Aquatium 3

i - . 200w
Ity v b

3 : } ;: + Wem P Ve 20 cm
60 cm ‘ - 40cm 20cm
V= Lo i
a) Calculate the total volume of the 3 aquariums, in cm?.
V_/ 20~ bo'zo V=Up-2o- Lo V= ¢o 2o~ &/3
3 , | > -
Y = 24/ poo U= [600cn” Y = Fowem

b) What is the total capacity of the 3 aquariums together, in litres?

/= 2 oo t !bm + Fovo

V= Yf ooo Cnﬂ )

V= 48000 ™

— 10973 a / < Al 2"1
T TR S s 2T 7w

c) Aaliyah can buy of distilled water for $3.95 and 2 litre bottles of distilled water for $2.19,

taxes included. Aaliyah wants to &‘;fhe least waterpossible. How much does she have to pay to fill the
aquariums with water?

(;XQ ; y = LQJ/LbﬂI% Qj’ wz.,{Z'w %:{%'
2 (:o%) Y, ms)




. Area of 2D objects: in units®

i -
Name of Formula Formula
ares of a square A=g?
A s lw
A=bk
)
area of & trapezoid _@a+bh 4= =@+ bk
4 . 2
bh
\ area of a triangle A '_2_" A= %Mx
area of a circle  Asw?
| {n button on calculator)
Figure Diagram Surface Area Volume
(in square units) | (in cubic units)
!
SA = o
rectangular A W V= hwh
prism # Siéd;ih * 28’ 3’5 + %g;&
- * 4 5
spherc 84 = s’ Voeahr
\




Figure Diagram Surface Area Volume
{in square units) {in cubic units)
Tricngudar Prism o “2% e Bt bh |
ba;es sides :
(isoc. & - 2 sides same areq)
|
S4 = zrs + 71’ T -
ki ) ) " gk
e {slanted side onlyj
evlinder SA = 29rh 4 230 Veoarh
Side bases
SA =b%+2sb
square mﬁé base sides " zb;..
pyramud (s - slant beight T3 A ({
h - vertical height from AN
apex 1o base of pyramid
Metric Conversion Chart
| 1km=1000m
Kilo - To convert 1o a smalier uni, -
1(}!3{} Hecto - d:ama;&im mﬁﬁr“xm 1 kg - 1{}00 g
units 19{) 'Deka - o >
units 10 . _
Unit | peci- lem=10mm
0.7 | Centi- .
| s oot My 1g = 1000
To comwvert 1o a karger unit, move units 0.001 g~ mg
-alicbeaien unifs 1¢=1000 m|
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understand somethmg
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pieces of bacon do L have B
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not getting any.
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